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Abstract
The present experimental work was conducted at different sites of district Bhakkar, a semiarid region of Pakistan, to assess
whether the goats are suffering nickel deficiency or toxicity and what are the possible seasonal effects on the availability and
translocation of nickel in food chain. A total of 27 forage and 320 goats according to four physiological stages [does (she goat),
bucks (he goat), wether (castrated), juvenile (6 month)] were recruited for this study. To fulfill this objective, soil, forage, blood
plasma, urine, and feces samples were collected in 4 seasons of the year at 2 sites and were analyzed by atomic absorption
spectrophotometer for nickel concentration. Different indices BCF, EF, and PLI were also studied to check the metal transfer. The
results showed that sites had significant (P < 0.05) effect on nickel concentration in soil, forage, and goats. On the other hand,
season and site x season had nonsignificant (P > 0.05) effects on nickel level in soil and goats. The soil (0.68–0.71 mg kg−1),
forage (3.41–3.70mg/kg), and blood (0.21–0.28mg/l) level was lower than the permissible limits, while feces (0.57–1.34mg/kg)
and urine (0.35–1.32 mg/l) had enough concentration of nickel. Sources showed significant (P < 0.05) effects on Ni level in all
stages of goats. All stages of goats except Wether (castrated) showed low level of nickel in blood. Most fluctuations in nickel
concentration were observed in (S1) summer (low) and spring (S4) (high) season as a whole, while overall site 2 had high level of
nickel than site 1. Thus, nickel showed deficiency in soil, forage, as well as in all stages of goats except wether goats. Nickel
containing mineral mixtures are essential for does (she goat), bucks (he goat), and juveniles (6 months old), so application of Ni
containing fertilizers to the soil and forage of that region and supplementation of Ni mineral mixture for grazing ruminants should
be done.
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Introduction

Minerals play a major role in animal metabolism and nutrition,
but availability of these minerals from soil to forage and to
animals varies greatly and depends on many factors. Health
and production of ruminants are directly related to appropriate
availability of mineral elements in the dietary food, but exces-
sive amount of mineral does not sure the transfer of these ele-
ments to animals (Khan et al. 2010a). Grazing ruminants most-
ly fulfill their mineral requirements from the wild forages.
Seasonal variation affects the maturity of forage and directly
related to mineral formation in forage (Napolitano et al. 2011).

Tracemineral and also Ni have got much attention in recent
years because of its major role in the proper metabolism of
living system. Nickel is important because of its association
with the activity of the enzyme urease. It also works as a
cofactor for an enzyme functioning in nitrogen metabolism
(Page and Feller 2015). Ni is essential for the activity of ru-
minal urease, alanine transaminase (ALT), and sorbite dehy-
drogenase (SDH) in the blood and liver. Enzymes (carbon
monoxide dehydrogenase and methyl-coenzyme-M-reduc-
tase) required for ruminal fatty acid production are dependent
on Ni for their optimum activity (National Research Council
(NRC) 2001). Ni is absorbed by the plant roots in its cationic
form and in the form of phytosiderophore complexes by roots
of graminoids (Clemens 2010; Kramer 2010; Williams and
Pittman 2010; White and Greenwood 2013).

Nickel plays a vital role for proper functioning of metabolic
systems (Jinwal et al. 2009). Use of Ni containing chemical on
large scale causes the toxicity of Ni in environment which
may cause sever health problems for animals and also affect
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the absorbance of other minerals in plants like iron. High level
of Ni in soil also causes to increase the Ni level in forage and
animals feeding on this forage (Denkhaus and Salnikow
2002). Nickel is found in a very high concentration in con-
taminated soils. Its value ranges from 200 to 26,000 mg kg−1

as compared to the acceptable limit of 100–1000 mg kg−1 in
natural unpolluted soils (Izosimova 2005).

Nickel has significant role in animals such as cows, sheep,
and goats, and its deficiency also shows serious health effects
in animals such as reduced hemoglobin, skin eruption, low
number of offspring, decrease hematocrit values, anemia,
and delayed gestation period (World Health Organization
(WHO) 1991). Ni deficiency also slows down the activity of
several enzymes (Fraga 2005). Physiological status of rumi-
nants determines the uptake of mineral elements. Bucks grow
rapidly than does, so bucks need more mineral than does and
castrated goats (Anonymous 1980).

Data about nickel toxicity and deficiency related to soil,
forage, and ruminant with respect to physiological status is
not enough. Considering the importance of Ni for soil, forage,
and ruminant, current study was designed to assess possible
seasonal and spatial effects on the Ni level in blood plasma,
urine, and feces of different physiological stages of goats and
in soil and forage on which goats fulfill their nutritional re-
quirements. This study will provide a baseline data for formu-
lation of Ni containing mineral mixture for ruminants. Current
work will also be helpful for maintaining appropriate level of
Ni in soil-plant-animal continuum by considering the current
results.

Materials and methods

Design of experiment

RCBD (Randomized Complete Block Design) was followed.
The present investigation was conducted at two sites of district
Bhakkar, Pakistan (Tehsil Bhakkar and Tehsil Darya Khan),
having average annual temperature 24.6 °C and average rain-
fall 213 mm (Fig. 1). Each site was divided into 10 plots, and
goats were divided into four groups or stages [does (female),
bucks (male), wether (castrated), juvenile (6 month)] 10 in
each group, and sampling of blood from these different goat
stages were collected. All goats were 1 year old except juve-
nile which were 6 months old. All sampling was done in four
different seasons, viz., (S1) summer, (S2) winter, (S3) autumn,
and (S4) spring. Forages were also listed on which ruminants
fulfill their feeding requirements (Table 1).

Soil

Soil samples (10 g each) were collected from every 10 plot of
site where forage/fodders were collected and made into one

composite sample. The selected places were dug up to 12- to
15-cm deep partially containing all the layers by stainless steel
auger. Five composite samples were prepared and dried in air
and put in forced air oven for 48 h at a temperature of 72 °C.
These collected samples were air dried, stored in labeled
sealed paper bags, and placed in incubator for 5 days at a
temperature of 70 °C (Rhue and Kidder 1983).

Forages and fodders

The available forage and fodder samples (on which the goats
graze) were collected from the same site from where soil sam-
ples were taken by using sterilized apparatus. Then collected
samples were air dried, stored in labeled sealed paper bags,
and placed in incubator for 5 days at a temperature of 70 °C
(Sanchez 1976).

Blood serum samples collection

Blood samples were collected from four categories of the
goats [does, bucks, wether, and juvenile (10 in each group)].
A total of 20 ml blood was taken from the jugular vein of each
goat in heparin vile sterile plastic test tubes which was placed
in slanting position for an hour to let the serum ooze out. After
blood collection, the serum was separated from plasma by
centrifugation. Then the serum was aspirated carefully with
a pipette, put in small labeled voiles, and placed in the freezer
at − 20 °C till analysis (Kamada et al. 2000).

Urine

After cleaning and washing the external genitalia of the ani-
mals with toilet soap and lukewarm water, catheters were
fixed in urethra of goats. Urine was collected into clean glass
beakers or bags. These samples were kept at − 20 °C for
further investigation (Kamada et al. 2000).

Feces

Fecal sample of each animal was collected manually from the
rectum of the animals and put in small plastic bags, oven-dried
at 55 °C for 96 h, and stored in polyethylene bags for further
analysis (Kamada et al. 2000).

Sample size calculation for animals

The sample size for the ruminants used in this study was
calculated by using the equation for a study comparing two
means (Eng 2003) as shown: N = 4σ2 (Zcrit + Zpwr)/D

2.
Therefore, the total number of samples for the four seasons

was:

80 goats� 4 seasons ¼ 320 ruminants:
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Fig. 1 Map of study site

Table 1 List of forages and fodders with local and scientific names collected in sampling

Sr.
no

Summer plants Local
names

Autumn Local
names

Winter plants Local names Spring Local
names

1 Peganum harmalaL. Hermal Cymbopogon
jwarancusa J.

Khawi Convolvulus arvensis
L.

Lehli, Wanvehri Calotropis procera
A.

Akk

2 Cymbopogon
jwarancusa J.

Khawi Calotropis procera
A.

Akk Chenopodium album
L.

Bathu Cymbopogon
jwarancusa J.

Khawi

3 Cucumis melo var.
Agrestis

Chibber Ziziphus mauritiana
L.

Bairi Parthenium
hysterophorus L.

Gajar Boti Ziziphus mauritiana
L.

Bairi

4 Calotropis procera
A.

Akk Citrullus colocynthis
L.

Tumma Cyperus iria L. Bhoian Cucumis melo var.
Agrestis

Chibber

5 Tribulus terrestris L. Bhakra Tribulus terrestris L. Bhakra Euphorbia prostrata
A.

Dhodak Prosopis juliflora
Sw.

Jangli
Kikar

6 Citrullus colocynthis
L.

Tumma Peganum harmala
L.

Hermal Fimbristylis
dichotoma L.

Choti Bhoian Medicago sativa L. Lucerne

7 Achyranthes aspera
L.

Puth
Kanda

Zea mays L. Makai Digitaria sanguinalis
L.

Mooti Khabbal,
karabara

Trifolium
alexandrinum L.

Berseem

8 Ziziphus mauritiana
L.

Bairi Sorghum bicolor L. Jowar Ziziphus mauritiana
L.

Bair Hordeum vulgare L. Jao

9 Prosopis juliflora A. Jangli
Kikar

Prosopis juliflora
Sw.

Jangli
Kikar

Prosopis juliflora Sw. Jangli Kikar Zea mays L. Makai

10 Pennisetum glaucum
L.

Bajra Medicago sativa L. Lucerne Cicer arietinum L. Channa

11 Zea mays L. Makai Trifolium
alexandrinum L.

Berseem

12 Sorghum bicolor L. Jowar Avena sativa L. Jai

13 Cyamopsis
tetragonoloba L.

Guar Hordeum vulgare L. Jau

14 Sesbania sesban L. Jantar Brassica nigra L. Rai

15 Brassica campestris
L.

Sarson

16 Cicer arietinum L. Channa
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Sample preparation and analytical procedure

Two ml of liquid samples (blood serum and urine) and 2 g of
solid samples (soil, forages, fodder, and feces) were immersed in
20 ml of acid solution composed of H2SO4, HClO4, and HNO3

in a ratio of 1:2:5. The mixture was subjected to intense heating
under fume hood with temperature gradually rising from 100 to
250 °C until the volume reduced to about 2–3 ml. Sample was
cooled to room temperature, filtered, and diluted with distilled
water to bring the volume to 60ml. This diluted sample was used
for analysis of minerals (Kamada et al. 2000).

Standard solutions are required for drawing standard curve
during mineral analysis. For the preparation of standard, stock
solutions of 1000 ppm were made by dissolving calculated
amount of nickel bromide (Ni) in distilled water. Ten ml of this
solution was diluted up to exactly 100 ml to prepare a solution
of 100 ppm. This solution was used for preparing standard
solution of required concentration.

Digested samples were used for nickel detection. Ni detec-
tion in all samples was done by using Atomic Absorption
Spectrophotometer Perkin-Elmer AAS-5000 (Perkin-Elmer
Corp., 1980) after wet digestion.

Bioconcentration factor

Bioconcentration is find out by using the formula devised by
Cui et al. (2004):

Bio−concentration factor Soil to Forageð Þ ¼ M Forageð Þ
M Soilð Þ

Bio−concentration factor Forage to goatsð Þ ¼ Mð ÞGoats
Mð ÞForage

Pollution Load Index (PLI)

Pollution Load Index is determined by the following formula
(Liu et al. 2005):

Pollution Load Index ¼ Mð ÞIS
Mð ÞRS

Enrichment Factor (EF)

Enrichment Factor is calculated by formula of Buat-Menard
and Chesselet (1979).

Enrichment factor EFð Þ ¼ Conc:of metal in plant=Conc:Of metal in soilð Þ sample

Conc:of metal in forage� Conc:of metal in soilð Þstandard

Statistical analysis

Ggplot2 package in software R was used for the formation of
combined box plot. Statistix 8.1 was used for performing
analysis of variance (ANOVA) along with least significant
(0.05) difference (LSD) test (Steel et al. 2006).

Results and discussion

Soil

Analysis of variance of Ni values in soil samples showed signif-
icant (P < 0.05) effects in site but nonsignificant effects in season
and site x season (Table 2). Ni values in the soil samples were
ranged from 0.68 to 0.71 mg/kg at both sites in all seasons.
Lowest Ni concentration was observed in spring (S1) season, at
site 1, and highest concentration was observed in (S2) summer
season, at site 2 (Fig. 2). Ni values in soil was below the permis-
sible limit (75 mg/kg) given by European Union (2002). Present
investigation showed that Ni concentration in soil was lower than
the values reported by Abida et al. (2009). The present Ni values
in the soil samples were similar to the values reported by Yahaya
et al. (2009) but higher than the values described by Orisakwe
et al. (2017).

Table 2 Analysis of variance, mean squares of nickel for soil, forage, and goats

Analysis of variance of metals for soil and forages

Metal Soil Forages

Site Season Site x season Error Site Season Site x season Error

df 1 3 3 482 1 3 3 482

Ni 0.286*** 0.003 ns 0.003 ns 0.025 1.165*** 0.318* 0.379** 0.126

Analysis of variance of metals for goats in site x season and source x stage

Metal Site Season Site x season Error Source Stage Source x stage Error

df 1 3 3 952 2 3 6 948

Ni 69.24*** 0.08201 ns 0.12 ns 0.147 46.994*** 0.022 ns 0.005 ns 0.122

*, **, ***: Significant at 0.05, 0.01 and 0.001 levels
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Ni concentration depends on the parent material in soil and
weathering processes, and the primary source of Ni in soil is
igneous rock. Use of some phosphate fertilizers is also consid-
ered as a source which releases Ni as a pollutant in the environ-
ment. Deficiency of Ni in soil occurs mostly by leaching and
runoff, and deficiency can be diminished by the addition of ag-
ricultural chemicals or the introduction of a high amount of Ni
soil in deficit nickel soil (Chauhan et al. 2008). Low nickel level
was present in soil which contains sedimentary rocks, sand stone,
and limestone, while high amount was present in igneous rocks.
The mobility of Ni in soil totally depends on soil composition,
texture, and minerology (Kabata-Pendias 2001). Association of
nickel with other element also exists very strongly. High level of
cobalt and iron in soil means that nickel level is also higher in soil
(Kabata-Pendias and Mukherjee 2007). Low level of Ni in the

present investigationmight be due to basic structure of sandy soil
in the study area.

Forages

Analysis of variance showed that site, season, and site x
season had significant (P < 0.05) effects on Ni concentration
in forages (Table 2). Ni values in forages were observed
between 3.41 and 3.70 mg/kg at all sites in all seasons.
Summer (S1) season of site 1 was responsible for minimum
Ni concentration, and spring (S4) season of site 2 was re-
sponsible for maximum Ni concentration in forages (Fig. 2).
Ni level in forage samples in the present study was lower
than the critical level (5 mg/kg) recommended by National
Research Council (NRC) (1980) but was higher than the
values reported by Sadeghi et al. (2014). It can be said that
the present Ni values in forages meet the minimum Ni re-
quirement for livestock established by Anke et al. (1983).
Root is the main source of Ni uptake in plants, but in higher
plants, Ni is always available to plant through aerial parts
even in toxic and deficit Ni conditions (Wood 2010).
Naturally Ni is added to environment from many sources.
These sources include volcanic emission, forest fire, dust,
coal combustion, sewage sludge, waste material, and fuel
oil. These all sources, soil mineralogy, and plant species de-
termine the availability of Ni to plant (Iyaka 2011). Soil pH
and organic matter show basic role in the availability of Ni to
plants. Nickel availability in some grasses is inversely pro-
portional to soil pH, so it means that high pH of soil de-
creases the nickel availability to plants (Harasim and
Filipek 2015). High organic matter also reduces the nickel
uptake in plant from soil because nickel particles bind tightly
with organic matter. High soil pH and organic matter in soil
cause nickel deficiency in plant (Weng et al. 2004). Ni level
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Fig. 2 Mean concentration and comparison of Ni transfer from soil to
forage to goats

Table 3 Mean concentrations and
standard errors of Ni in different
sources and stages of goats
(mg/kg)

Stage Source Ni means Ni Std.Dev. Ni Std.Err. Ni minimum Ni maximum

Does Blood 0.252688 0.041901 0.004685 0.17 0.375

Feces 0.973125 0.390569 0.043667 0.325 1.825

Urine 0.8425 0.482123 0.053903 0.1 1.8

Bucks Blood 0.252563 0.03941 0.004406 0.18 0.365

Feces 0.994688 0.379346 0.042412 0.4 1.8

Urine 0.845938 0.459937 0.051422 0.175 1.775

Wether Blood 0.24625 0.042883 0.004794 0.17 0.385

Feces 0.95625 0.381069 0.042605 0.325 1.65

Urine 0.827813 0.475641 0.053178 0.075 1.85

Juvenile Blood 0.248938 0.038572 0.004312 0.17 0.38

Feces 0.957813 0.373416 0.041749 0.35 1.85

Urine 0.831563 0.458529 0.051265 0.15 1.825

Over all 0.685844 0.468031 0.015106 0.075000 1.850000
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in present study was in permissible limits because there was
no source of Ni toxicity around the study area and nickel in
soil was also in limits.

Goats

Ni values in goats showed the significant (P < 0.05) variations
in sites but nonsignificant (P > 0.05) variations in season and
site x season (Table 2). Level of Ni in goats varied from 0.38
to 0.98mg/kg in all seasons of both sites. Lowest level of Ni in
goats was observed in summer (S1) season at site 1, and
highest level was also observed in summer (S1) season but
at site 2 (Fig. 2). Analysis of variance for Ni also showed
significant (P < 0.05) variation in source but nonsignificant
(P > 0.05) variations in stage and source x stage. All sources

and stages showed the range of Ni in goats from 0.24 to
0.99 mg/kg (Table 3). Minimum Ni value was observed in
blood of wether, and maximum Ni value was observed in
feces of bucks.

Box plot data of Ni values for blood plasma showed that
the range of Ni from 0.21 to 0.28 mg/L. minimum level of Ni
was revealed in summer (S1) season of site 1, and maximum
was also revealed in summer (S1) season but at site 2. Ni
values in feces varied from 0.57 to 1.34 mg/kg at both sites
throughout the season. Summer (S1) season of both sites
showed the lowest and highest level of Ni in feces, respective-
ly. Ni values in urine in goats were observed between 0.35 and
1.32 mg/L at both sites of all season. Maximum and minimum
level of Ni in urine was observed at site 2 and site 1, respec-
tively (Fig. 3).

Ni plays essential role in protein synthesis and numerous
metabolic processes of organisms, so Ni imbalance leads to-
wardmany serious problems in animals (Sidhu et al. 2005). Ni
level in blood plasma samples of the present study was higher
than the level of blood Ni given by Milam et al. (2017) but
lower than the standard limits (0.4 mg/L) described by
National Research Council (NRC) (1980). Ni concentration
was also higher than the study of Orisakwe et al. (2017). In the
present study, Ni values in feces were higher than the values of
Ni described by Adesoye et al. (2014).

Nickel with association of other nutrient also plays consid-
erable role for proper biological functioning of numerous met-
abolic processes (Jinwal et al. 2009). Accretion of Ni in var-
ious tissues of animal body was also reported because avail-
ability of Ni salts in diet of animals causes its accretion in the
tissues of animal body. Absorption of Ni in gastrointestinal
tract was also reported, but its amount depends on feeding diet
of animal (Youde 2002). In animals, Ni can replace or interact
with 13 essential elements like cobalt, copper, iron, potassium,
sodium, etc. So long exposure of nickel is associated with
nasal, lung tumor, mild nausea, and chest pain (Cempel and

Fig. 3 Mean concentration of Ni in blood, urine, and feces in different
seasons at two sites

Table 4 Mean concentration of
bioconcentration factor, Pollution
Load Index, and Enrichment
Factor of Ni (soil to forage to
goats)

Site Season Bioconcentration factor Pollution Load Index Enrichment Factor

(Soil to forage) (Forage to goat)

Site 1 S1 4.753651 0.111925 0.079368 0.642807

S2 5.035136 0.120726 0.08028 0.680871

S3 4.898458 0.122018 0.079622 0.662388

S4 5.004886 0.115256 0.079073 0.67678

Site 2 S1 4.654341 0.270252 0.086353 0.629378

S2 4.658179 0.271449 0.085247 0.629897

S3 4.787088 0.257548 0.084306 0.647329

S4 4.8472 0.247018 0.084371 0.655457

Pollution Load Index: Reference values (mg/kg), 9.06; Sources: Singh et al. (2010)

Enrichment Factor: Reference values (mg/kg) soil, 9.06; Sources: Singh et al. (2010)

Reference values (mg/kg) forage, 67; Sources: Food and Agricultural Organization (FAO/WHO) (2001)
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Nikel 2006; Iyaka 2011). Nickel value in the present study
was reported high, and it might be due to toxicity of Ni
through particles of polluted air, e.g., nickel containing dust
and smoke.

Bioconcentration factor

BCF for Ni in forages in all seasons at both sites was present in
between 4.65 and 5.03. Minimum BCF of Ni in forages was
observed in season 1 at site 2, and maximum BCF of Ni was
observed in season 2 at site 1. Ni BCF of goats varied from
0.111 to 0.271 at all sites in all seasons. Minimum BCF of Ni
in goats was observed in summer (S1) season at site 1, and
maximum BCF of Ni in goats was observed in winter (S2)
season at site 2 (Table 4).

Bioconcentration factor for Ni in present findings was
greater than 1 indicating greater transfer of this metal from
soil to plant. The values of BCF in current work were higher
than the values of previous studies (Jan et al. 2010; Khan et al.
2010b; Mahmood and Malik 2014). Iqbal et al. (2016) report-
ed lower values of BCF (0.34–0.93) as compared to present
findings.

Pollution Load Index

Results depicted that PLI for Ni was present between 0.079
and 0.086 in all sampling seasons at site 1 and site 2.
Minimum value of PLI was observed in summer (S1) and
spring (S3) season at site 1, and maximum value of PLI was
also observed in summer (S1) season at site 2 (Table 4). The
values of PLI for Ni in current work were lower than the
reference values of Ni (9.06 mg/kg) given by Singh et al.
(2010). Rabee et al. (2011) recorded high values of PLI for
Ni (0.16–0.38) as compared to present findings. The values of
PLI for Ni are less than 1, which shows that study soil is
unpolluted.

Enrichment Factor

Data of EF for Ni varied from 0.62 to 0.68 at all sites in all
seasons. Summer (S1) season showed the lowest level of EF
for Ni at site 2, and winter (S2) season of site 1 showed highest
level of EF for Ni (Table 4). Ni E.F analyzed in present study
was lower from the E.F reported by Ezemokwe et al. (2017)
and Rizo et al. (2011). Nickel E.F was assigned in deficient
E.F level as described by Barbieri (2016).

Conclusion

Results showed that soil and forage had deficit of nickel.
Summer season possessed the highest level of Ni in goats,
and all stages of goats showed low level of nickel in blood,

so Ni containing mineral mixtures is essential for does (she
goat), bucks (he goat), wether (castrated), and juveniles
(6 months old). Indices values were also lower from the pol-
lution level and showed deficiency of element. However, ap-
plication of Ni containing fertilizers to the soil and forage of
that region and supplementation of Ni mineral mixture for
grazing ruminants should be done.
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